We report a late presentation of adenovirus-induced renal allograft and bladder infection causing azotemia and hemorrhagic cystitis in a patient 5 years after simultaneous kidney-pancreas transplantation. Adenovirus has been increasingly recognized as a cause of morbidity and mortality in both solid organ and stem cell transplant recipients. We wish to emphasize the importance of early detection, as treatment options involve reduction of immunosuppression, followed by the addition of antiviral agents and supportive care.
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A denovirus causes 5% to 10% of all childhood febrile illnesses, and the immunocompetent host generally endures a mild, self-limited upper respiratory tract infection. Adenovirus then establishes latent infection in the lymphoepithelial tissues (1) . In immunocompromised hosts, the clinical manifestations of adenovirus reactivation or de novo infection can range from asymptomatic to fatal. Adenovirus is identifi ed as a late complication of bone marrow transplantation with hemorrhagic cystitis, and it is increasingly recognized as a serious, though rare, adverse complication of solid organ transplantation. We describe a rare late presentation of hemorrhagic cystitis and signifi cant renal allograft dysfunction with ureteral obstruction in a patient who had undergone simultaneous kidney-pancreas transplantation (SKP) nearly 5 years earlier. With adenovirus detected in the urine, blood, and renal allograft, the patient was treated with reduction of immunosuppression, intravenous immunoglobulin, and cidofovir. Renal function did not improve despite treatment. Pancreas function, as in rare case reports, was preserved, suggesting tropism of the adenovirus.
CASE DESCRIPTION
A 45-year-old African American woman had a past medical history of type 1 diabetes mellitus complicated by peripheral neuropathy, retinopathy, and end-stage renal disease. She underwent SKP in February 2009 and received daclizumab induction per protocol. Th e donor was a 2/6 human leukocyte antigen match, and both donor and recipient were cytomegalovirus positive. Th e transplant was complicated by cellular rejection of the kidney in March 2009 treated with Solu-Medrol and biopsy-proven pancreas rejection treated with 10 doses of muromonab-CD3. Renal function stabilized with a creatinine of 1.4 mg/dL. Maintenance immunosuppression included azathioprine 100 mg daily, prednisone 5 mg daily, and tacrolimus 4 mg twice daily.
Five years after transplant, the patient presented with a 1-week history of fever, suprapubic pain, and nausea, with the development of hematuria 3 days later. She had presented to an emergency department for presumed urinary tract infection 3 days before admission and was treated with nitrofurantoin. However, she developed worsening hematuria and presented to the transplant clinic. She denied sick contacts and had been compliant with all medications. On examination, she had orthostatic hypotension and fever. She was pale and appeared acutely ill. Th e left lower quadrant and suprapubic area were tender without rebound or guarding.
Initial laboratory data revealed normal chemistries and blood counts except for blood urea nitrogen 53 mmol/L and creatinine 4.6 mg/dL. Her tacrolimus level was acceptable, at 5.3 ng/mL. Pertinent fi ndings on urinalysis were 3+ protein, nitrite positive, and 3+ blood, with microscopy demonstrating red blood cells too numerous to count, obscuring further results. A renal transplant sonogram showed a normal resistive index and an irregular bladder wall.
Volume resuscitation with intravenous crystalloid and vancomycin and cefepime were initiated. Her serum creatinine improved but hematuria persisted. Cystoscopy revealed hemorrhagic cystitis, a dilated ureter, and hydronephrosis. A 6 French, double-J ureteral stent was placed.
Th e patient's fever persisted, and her creatinine level increased despite fl uids and antibiotics. Results of polymerase chain reaction (PCR) tests for chlamydia, gonorrhea, herpes, BK, and cytomegalovirus were all negative. Blood and urine cultures were sterile. Renal biopsy showed severe interstitial nephritis, necrotizing with granulomas and adenovirus staining in the tubular epithelium (Figure 1 ). Tubular atrophy and Late presentation of adenovirus-induced hemorrhagic cystitis and ureteral obstruction in a kidney-pancreas transplant recipient interstitial fi brosis comprised at least 50% of the interstitium. Azathioprine was discontinued and tacrolimus was decreased. Whole-blood PCR for adenovirus revealed 47,100 copies, and urine PCR showed 3,650,000 copies/mL. Intravenous gammaglobulin was started on day 12. Cidofovir 80 mg weekly was given with probenecid on day 15 for 3 weeks when her creatinine level failed to improve. Nine days after initiation of cidofovir, adenovirus was undetectable by blood PCR; 7 days later, it was undetectable by urine PCR (Figure 2 ).
However, her serum creatinine level rose again despite resolution of viremia. A second kidney biopsy obtained on day 25 showed a marked reduction in adenovirus-positive cells compared with the previous biopsy. However, a dense interstitial plasma cell and lymphocytic infi ltrate remained with persistent tubular atrophy and interstitial fi brosis. Solu-Medrol was added and changed to 40 mg prednisone daily on discharge. Her discharge creatinine level was 5.4 mg/dL.
Prednisone was tapered to 10 mg daily over 1 month, azathioprine was not restarted, and adenovirus remained undetectable by blood PCR. Th ree-month follow-up biopsy showed 60% interstitial fi brosis and tubular atrophy and acute tubular necrosis with resolution of active infection (Figure 3 ). One year after admission, her creatinine level was 3.4 mg/dL, with a glomerular fi ltration rate of 18 mL/min on Glofi l testing. Th e patient has been listed for another kidney transplant.
DISCUSSION
Adenovirus is a nonenveloped, double-stranded DNA virus transmitted by inhalation, direct conjunctival inoculation, fecaloral introduction, or direct exposure to infected blood (2) . Th e adenoviruses are associated with a wide variety of clinical symptoms determined largely by their specifi c immunologic type and subgroup (3). Importantly, adenovirus can become latent and then reactivate asymptomatically. Th is characteristic makes it diffi cult to attribute specifi c symptoms and pathology to the virus itself. In fact, 6.5% of adult renal transplant recipients may have asymptomatic adenovirus viremia during the fi rst posttransplant year when immunosuppression is highest, but graft infection occurs in <0.5% of these patients (4, 5) . Further, in a review of 37 cases of adenovirus renal allograft infection, near complete recovery of allograft function was reported in all despite severe changes on biopsy (6) .
Adenovirus type 11 is the most common serotype causing hemorrhagic cystitis and renal graft infection, but other types have also been implicated (3, (7) (8) (9) (10) . Th e urinary tract predilection of this virus is noteworthy; our patient had no signs of pancreas rejection or viral infection, with euglycemia and normal pancreatic enzyme levels. Pancreatic grafts have also been spared in two other reported cases of adenovirus infection in SKP recipients (11, 12) .
Adenovirus nephritis and cystitis presenting as hemorrhagic cystitis, dysuria, and renal dysfunction are well recognized in bone marrow transplant recipients, and there is increasing awareness of adenovirus infection causing similar symptoms in renal transplant patients (6). However, adenovirus infection has rarely been reported in SKP recipients (11, 12) . Presentation beyond 1 year after SKP is extremely rare, as only one reported case of adenovirus infection 18 months after transplantation has been reported (12) . Adeno virus can be detected using viral culture, antigen detection, molecular diagnosis, and/or histopathology with electron microscopy (3) . No individual diagnostic test identifi es all adenovirus subtypes, and the sensitivity and specifi city of these tests are variable. Of note, adenovirus can shed from the renal tubular epithelium, upper respiratory tract, or gastrointestinal tract. Th us, the detection of adenovirus at local sites does not necessarily confi rm viremia. Th erefore, nucleic acid amplifi cation and PCR technologies have become increasingly important diagnostic tools. PCR permits both identifi cation of the virus and quantifi cation of viral replicative activity that can be used to monitor the therapeutic response (13, 14) . Rising blood and urine adenovirus PCR levels correlate with hemorrhagic cystitis, although there is no clear threshold for diagnosis.
Histology remains the gold standard for the diagnosis of invasive adenovirus infection. Infected tissue typically shows cytopathic inclusions. Necrotizing interstitial nephritis with granuloma formation and prominent macrophage recruitment are also characteristic of renal adenovirus infection (15) . Th e virus can be confi rmed by histochemical staining, or electron microscopy can identify crystalline arrays of adenovirus particles in tubule cell nuclei and cytoplasm (15, 16) . Th e histologic appearance and histochemical staining can provide a defi nitive diagnosis of adenovirus, even when cultures and PCR are negative (17) .
At this time, there is no defi nitive treatment protocol for adenovirus infection in solid organ transplant recipients. Th erefore, the management of adenovirus infection in these patients is largely based on the management and treatment of adenovirus infection in patients after hematopoietic stem cell transplantation. Th e 2011 European guidelines for diagnosis and treatment of adenovirus infection in leukemia and stem cell transplantation recommend a multipronged approach (18) . Th e key management strategies are reduction of immunosuppression and supportive care (19, 20) . As in our patient, adenovirus infection of the kidney and bladder can lead to ureteral obstruction, which was reversed with stent placement.
Treatment of patients with systemic disease using antiviral agents has gained recent favor (3, 21) . Cidofovir has demonstrated good virologic response, although the specifi cs of drug dosing and regimen are variable in reported cases (22, 23) . Th ere have been no randomized trials of cidofovir in infected solid organ transplant patients. However, studies in hematopoietic stem cell transplant recipients suggest a benefi t (18, 24, 25) . An important side eff ect of cidofovir is nephrotoxicity, which also can manifest as acute tubular necrosis. Cidofovir therapy in our patient reduced the viral load but may have caused the subsequent increase in serum creatinine. Polyclonal immunoglobulin has been used as monotherapy after reducing immunosuppressive agents and is thought to improve passive antiviral activity (12, 15, 26) .
Management for our patient consisted of reduction of immunosuppression followed by intravenous immunoglobulin and cidofovir weekly for 3 weeks. Because of prominent granulomatous interstitial nephritis on the biopsy, the patient was given a steroid taper as well. A successful steroid taper has been reported in a collection of case reports (6, 27) . 
